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‘q.eatlon of a representatlon. Saqme fac 6:5

' ‘frequently offset these factors.

N
wOrklng in groups-of three, sefenth- -grade.

students were video taped 501v1ng an applied-
mathematlcal problem.d Aud1o tape$ we;e made of
each’ group discugsing thelr se551on. Ana1y51s
focused on: the flrst stage of Noddlngs (1984)

model of problem solvxng for school ma

’

%dentlflgd as 1mped1ng formatlon of a useful
&epresentation we;e- (a) lack of experle ce, (b)

imposing unrequired restrictions on the problem,

Ac) lack -of metacognitivé skills, and (d) the

1nf1uence of bel;efs.-‘Groqp 1nteract10n

- -

®

ematics:



o , ‘ 4; .
The aralysis in this report 1s bascl on video énd o ‘
: : o | S , :
audio transcipts of 12 average ability seventh-grade

students worklng 1n ‘groups of three so}v1ng an applled
' mathemat1ca1 problem. The problem-solv1ng process was .

’

traced using NodGLngs (19847 model of problem solv1ng

-~ f‘-..
for school-mathematlcs~ - ’ "

. ’

,,,\.
(1) creatlon of a repfesentatlon- . . , :

a . - . . . P . L

(2) executlng a plan based on the !
&epresentatlon; o, : o ,
. . ! ' . . ' .. . ; . \
o (3) undergoing the consequences; S - ‘

- . . L}

and, %(4) eﬁplhaiing-the results.' . -

Students whose solution path was - based on an” lnaccurate

~4

representatlon of the problem situation (Step 1) were
generally not successful in SOIV1ng the problem. - .

- Some factors that affected'lndlvydggl ability to . .
., form an accurate representation of the problem were.
identified. WOrkzhg 1n a small group offset some. of
"these ﬂactors and frequently enhanced p;oblem-solv1ng
success. The subJects employed heurzstlc behav1ors '_ .
frequently dur;ng-thelr sessxons: ﬂowever, when °
implemented during a solution path~th3t was based on an : -
inaccurate problem represenﬁetiog, ﬁhe§rproved of
li;tle consequence in oyerall problem-solving success.

' ] . ‘@ e ) Y e
\Theoretioa Rerspective
In her model for school problem solv;ng Nodd1ngs

L}

(1984) argues that. the first stgge.lp problem solving
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. is to create a picture of the ¥i£uation. It is at this

[ ] v

éfége'that "gﬁe/mind is engaged, the intuitive capacity ..

is actiVely-ldoking, and all sorts of thingf héppen . .

If we want seriously to recognize the role of intuition
] 4 ¢ * '

iq\problém solving--and virtually'all-méthematicians

L)

recognize its c?’tfibutibn--then we need to £i}l out this
, \

stage of representation with concrete accounts rather

than detailed and prespecified theoretical steps” (p. 8)."
. ' . :
Since creating a representation is not an observable

-

action-.a method or methodé;must'be'debised to make the

a ‘e
-

internalized dialogue of the problém solver open to
investigation. - | | |
A common method to address this problem in

process-variable researchlhqs been the single student

protocol ‘ot ?think‘\loq&” m%prd which asks the problem

solver to verbalize his or her thoughts while solving
abtab . ;

the probléh-(Gilperf & Lie;zg; 83{. Ginsburg (1981)
suggests' that one ‘of" the mai’nﬁ:poseg of this metho.d

is the dis&overj‘of cognitiVe;aétivity.t Noddings

(1982) ar?ues that this method may chanﬁel the ‘ ...
subjects into areas tgey might not kbrmglly have .

thought of and tha£.it may have a constraining effﬁ&t'
on the use of highiy inventive.heuristics. ‘

An éltégnate approacﬁ emp}oye& in this'study'is
the uge of a small group. Although the group has long
been stﬁdied outside the field of mathematics .

’ * .
. .

J «.



education, Silverman‘(1972) points‘out‘that'mucﬂ

'prevxoas résea'ch has 5tud1ed the group as ‘a soc1al

.system and has addressed quest1ons of how people behaye

« Vs v
in a group and how group products compare to .

- t
-
.

1nd1v1duals products. The 1nvestlgatlon of
imdividuals working in a group'is a relatively untapped
resource in mathematical problem sov1v1ng. Sllver

(1985) saggests that small groups may promote thls

externallzed thlnk aloud protocol more readlly than .

© individual interviews, aqd they may prOV1de a useful _ .

vehicle for studying such processes (often covert in

t

individuel'protocols) as planning, critiquing,
! :

‘'monitoring and evalueting” (p. 33). -~ . ' .
. Metﬁods '
Subjects - '

From the seVenéh grade of A midéle-class urban
elementary school, 12 average- abxllty subjects were
1dent1f1eda Average mathematics achlevement was
determined by three factorsr scoring within one bradet,
level in both overall‘methematics and reading on the
California Achievement Test, being on grade-level in a
continuous progress}progrem in both reading and .
mathematics, and informal teacheg _input“dn overall .

classroom performance. The- subjects were placed in

three groups. of twd glrls and one boy and one group of

two, boys and one glrh. L .

~

Pl

}* :
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Task

‘The problem used in this study was a four-part
applied problem developed by Lesh (1982) in his Applied

Problem Solving #Eo;ect.

! .

-

_" . Carpentry Prbblem -
'3John 1s constructxng a recgeatlon room in his
basement. He ‘has put up the walls and put
dowﬁ the floor'. . He Qeeds to buy basebodrd to
pu;ualong the walls. - The baseboard comes, in.’
‘lO—fBO; and lé foof lengths. 'How many bdardg
of each kigg'should he buy? |
:
1f John wants to have as few seams as

po 1b1e, how many of each size should he

buy?

. If Jo?i wants to have as little waste as

possible, how many of each size should he

~

.buy? .

If the 16-foot boards cost $1;25 per foot and . .,*
theé lo-féot boarda,éqst‘SI.lo per fdot, how

many éf each kind ‘should he buy to spend_the

least_aqohntfof_money? .. d\i>’

£ .,

\ 1} ) ‘ t '

o

- . . - . >
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“  “The supJects were given rulets, pencils,, papers

and calculato;s to a1d in solalng the problem. Each

8 ’problem part was presented on a new sheet of paper.
/
The students were instructed to turn over one sheet of

paper’ at a time. They could refe;'baCR to any work

5

they had .done on preyzous parts, hut were not to look

: ahead at new parts.

+

Follow Up’ : /
‘ A folley up discussion with each group was audio
taped. Hypotheses raisec durxng observatlon of the

- ‘'video tapes were pﬁrsued with the group to clarlfy

formatxon of” themes and patterns.

¢

s o o .
. ‘ . Discussion.

L]

»

PYH

.Heuristic Behaviors °*

None of the grfups was able to solve ail'four
¢ .
parts of thé Carpentry ProbPrem. Although they

exhlblted frequent,ﬁpstances of heuristic behaviors,
such as draw1ng a diagram, rereadlng the problem, .
thlnklng of a spec1f1c case, restat:ng the problem, and
trial and error, theselheurlstxcs were generally not
helpful when they had not creeteﬁ a useful

representation of the problem. Consider the following

1 . N

sequence.
)

/ . N
| ' r 2
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1. Christy '}(Rbading) 1f John wants

5

to have as few:§eams ..

. O.KL'. . 1f John wants - | B
to have as few scams as | .
'posgible,'ﬁéw many of . | | o
‘;aéh size:shOUIB he'Buy? » |

2. ,Dérby - We already answered that. L '*‘gzs. - 'fj

. . . . L]
» ' I (Reads problem'silently.) Reread the problem &

L. . . - we a;féady_ahswered.tha}.r Tpink of a similar problem\

in the last problem. | .

. 3. Leigh  No we didn’t. ‘ .
.; ~. . 4. H}Chriéfy LI dén't thiﬁk we did. s .
N ,}R;}eéds the problem) .Reﬁead the problem &
L e basﬁe‘mf it, the Restate the problém
size of the bafe._ . B
5. Darby - The basq?"- . .
‘ 6. Christy (Calculating én papkr) | P “' ' :
| " He needs Z.S‘féf-the o e e
. 10-foot boalds and what s
| . wa; the cthef inch.. .
B . .16 fqot?. . ".he needs L
. one and one-half for tg; " | ~
. s ..:f; “ ~ S
. 7. ‘Dé{by Can’t you multiply these _ | %
" a two and get the answer? ' s
7 8. Leigh I got it. ' . . ‘ | ‘
9. Darby You always get it. ' ' BESTCOPY AVA_“ ke :
L o | | .

(9 . .'- ’

; . . ) ’ . : .
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S .I-.O.. 'Chr isty  Yod re fén.'arterA ’t{)at s: BEST CQP‘: AVA"-ABU.
. what. ' . L
- P Le{gh I _got two ;6~inch boaids' |  . v
: T §pd uh ' )
13. Dérby\ Sixteén foo;_ . . ' S - B

13. beigﬁn }O.R. and, uvh, one 10:foot

.’ R i boarés which is 16 times' N L -
- 2 equadls 32 and 32 pluys ) |
| L 10 equals 42; -: ' - o N -
., 14. Darby - The perimeger of the foém | |
¥ . . . . is 98. | i | E ; .
W L ..: fS: Leigh No, but .on this we are . ‘
| _" ' -‘ .' just doingnghe baée) we N
. - ; " are not doimg.tﬁe wh&le .
roo_m.’We are just doing_- ‘ '
. " - 'tse base. The base
'-‘- .. 16. Darby (interrupts) bﬁt the |
. ' ’ . , ' ~ perimeter. = . - R ‘. . . »
17. Le¥gh . . . which is 42. _We

« are doing the base 4s
this. (Points to ;

(/’— . s '
. : "diagram). See the,

\ boards. We are doing .

this‘right there.

18. Darby Fdrty-two~feet2 How
, many? He is going to buy
42 boards, right? : %

‘ : Draws a diagram to
19. Christy No, 42 basegl

show base of the room

- . 10 R




‘e . £

-

| R C - 'Bt‘oiuui“immm@
) . : . i ’ , . “ .

! - 20. Leigh . One 10-foot and two '
‘ ' 4
. lé~foot.' : : -
f . . . : '
* 21y Darby Forty-two bases?
L - [N . ! - -

'As-is“noted, the subjects’in this short sequence

employed several heuristicé_that~did'no§ aide them in.
- their problem—solvingrprdcesglfln statement . four '
\;5 _féhristf uses,tQO'ver§ powerful heurist{cé; (a) reread.
the-préblem,,anp }5) restafe the problemAin your own !

words. 'Later in the discussion she draws a diagram
e _

————

(Figure lg}of her'”basq_of the room to share with o~

<
. - .
. . N

Darby. | o .

Figure 1. Christy’s Base of the Room

4

None of the three strategies was useful to the group

-~

s - .
since they had nots formed an accurate representation of

‘ 4

-

v what it meant to put baseboard around the edge of the

4

room. dn fact, the discussion continued on for several
. ’ -

. minutes. Darby finally succumbed to the pressure of

other members of the groué and -invented an algorfthm to

4 o

find the invented base of tﬁé‘room.

O ‘ N - s "
"EBig . i a ) Ijl - | ‘ ' T
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Darby Why don’'t we do this? Take . . .- "\
3 ' the room has . four sides, right? } .
. Take. . .that . . . now we want the/

- . . B
base of it . . just the .base. “[ Think gf a

¢

That ‘s before we do al} this, so we | useful formula

take 1/4 divide by 98, then we . Sy
- - ) . * . 7. ’
should see our base. - . L

T . Factors Inhibitiqg.Création of a Useful Représentaticn

© An attempt was then made to 1solate cd&egor1es,of .

factors that hlﬂdEIEd an 1ndlv1daals ablllty to the &

» - .
form a useful representatlon of the problem. - The
- 'following.were.identified: .{a) lack of experience; (b)
: -’ a . . ) . - . L . . . .
. ~ impos'ing unrequired restrictions ofi“the problem; (c)
. » - -

'lack of metacogn1t1ve SklllS‘ and (e) the influence of

belief systems. . ,
) ..., . ' . ,' ,

L &

Lack of Experience, when previous expefience ’ Y

+

»
"Produced nd’connectlon for the subject to draw upon in

-

\f - 'formlng a representatlon, the subjec; frequently

. invented definitions or even algorltsms for the.
situation. Thesé'invénted approaches-were‘ususlly éued
by.some word or set of‘hords in the prbblem thatshe or .

she associated wzth a mathematical concept.
, , )

¢
- B . .
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R ' '.."~ The pre»loys sequenép thh Darb), Leigh and

C?rfsty 111uqtrated tms poxnt.« They . had reached a -
. T v '
) ;".-«-' . -very reasonable solution to Part 1 of the problem,

*

' {:f. - ﬁffconcludlng that to- eOVez the 98 foot perlmeter of - the |
. .;:- ‘ -xpom, with basebeard they would need,ﬁlve 10-foot,boards
o ;Lf ) aaa three 16‘foot.boards."Hoﬁevef;'the irtzoduction of
. ‘ .a new eltuatlon in Part 2 for weech they apparently had‘
. _ﬁ.no'eeéefzehée.£esulted in the sequence above.[®
f'.T e ' .\. Another example occured wxeh Rlcky ‘and Llsa.from
‘f’.hll};i:if; Group 1 ) After a dlrect questloh to the~1nvest1qator,

L,
“"\ "Does -seams mean’ empty space?" whn.n was responded to
F) . '

’ % ’ . _? ] by ";\10, (t! .15 the place where two "o-ards meet” ‘th‘e
o ";“?‘: - group waa,stlll unable to form a representatlon of the
" , prob.lem. Afte'.r some discussion, Damon" engaged in the
- -f_ol10w1ng reflectiQe falk and finally d*itecte.a comment *
I .'Heie Lisgh;;‘ - S f ) )
~ . Damon * No :’Lt's 1.8 . . we've got té look this‘
q ) ' : " | over a I1gt1e bit . . . not really sure
- how much . . . no, rause :..fkye aid that
' ,  .with’16-foot boards'. . . we want to |
| make it as lese es few ‘sea_me as ,
possible. This (pointing to 1.8) has to
) . ST be a larger numbe;. '_'rr')‘r 10 . . 3,10 .
. e e e we could write it down 3 for the.‘lo
""" ‘inch boards . . . uh, for the 28 foot .
N .

S &
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Lisa ‘Three fbr tHe 1V-inch boards? .
Damon ¢ .Change that ‘cause we need as many boards ,

» : y :

. .- - ., - " -, -
. N B a§'p0551§1e7 , g -
.‘. .&.\' * . . |;‘

‘ . .- . ©o. - ¢ o - .
S - !Eveﬁ after thg_term "seams" had been defined for
.o ) , ‘ : ' T
.~ him, Damon did not have any experience to call upon to
L0 .‘ . .

heip him creaté,a-representatidn of the ééamé'formed by =
i :

-~

L]

, © ‘the baseboards. BHis represeﬂtatlon was that in order ' .
, ' to have as few seams as p0551b1e yqp must have as many

boards as 90551b1e. S S . .
P ‘
. .

' . . Other exampleS'surfaced dprin,.the apdiOrtapea
Q,scﬁssions;folloﬁing the problem-solving session. -

. ‘-

ﬁhen«askéd if-he knew.what seams were in the problem

Roﬂhle responded, "It means to have the seams to f1t
{

cause you gct an extra board. If you have an ‘extra
. \ 4

board left over you can 5111 the seams wWith the extré
‘ boards. in contrast.Mellssa, who pro;;d to be one of
‘the bettet‘problem sBlvers respondedlto’thekgame '
queétion with "It is the piacé where the boards meet."
L : Eveh‘experience not di;ectlytrelated to the~§;lvigb of
\ the probleﬁ cfeated difficﬁlty. Chrifty had never
. experienced a sztuat1on where parts of a problem were
. i presented on a new.shees ;f paper. She said, AI
thought we were doing a:whoie ?iffé}ent problem. 1f it
weré to be like (a) right under }f, I could have

understood." =
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) o ’ . . S . /'
- e Imp051ng unrequlred:restrlctxons. Frequently
“‘ ’ st.xdvnts \‘oald aMNer thé goals of tbe? problem Statement

‘Ij :'l‘; b [ e ‘1
g B Y lmpo lng X strxctlons that _were not stated Ofgxt}g

-but’ that they saw as 1mp11c1t in the pzoblem. For .

Aiexaﬂl?e, whlle trylng o solve Part 1, Melxssq states

-

.o "-.j. . .th} ne?d "sn‘ more w;thout cutt.mg No mention
. ~ made. 1n‘the problem that boards could not be cut.
| . In the same group Erlc defends his pOSlt*O'
point by statlng ’He (John) mlght be looking for a
. better- buy. Th1s occurred durlng Part 2.°' No mentlon
). rs made of cost }tll ?art 4. Latfr 'in the same o
" interaction Eric proposes some combination of. 10-foot
, )and 16-foot boards and claims John want?’ to buy some
of each." And, while solving Part 4, Petrick responds
to a suggestxon to purohase all 10 foot boards by |
- -',saylng %X don"t t’ﬁ"?m he yould buy all lo-fooﬁ
boards." All 10~foot boards would not. have been the lﬁ
best suggestion, however, a11 16 foot boards would have
’ been c}osa/tq a good approadh. Patrick 9~impoe§og the &
: restriction that John wouldn 't buy all of one.iiod of

board altered the_wéy'the.group viewed the”problem.

' Use of metacogoitive strategies. The majquty of

the sghdents did not qubsb1on their own thinking -

4processes or strategies. In the sxtuatlon of Chrxsty s

base of the foom the group nmddled the;r way tbward a

solution. One could=conjecture‘that recent classroom
. ' £’

expesience of a'forgola for area (bape'rimes heighf):




A

-~

~entire room." Agaxn later, on the fewest-seams persg

=~ LOPY AVAILABLE

may have inf luenced her thinking. But from where dld

the ill-fated a]gor;thn'for fgndxng the base of the
room arlse° Yet at ‘no time did an)ongrgsk, khat ‘am 1
doing thls for?" o: "How w111 this Belp ne2".” Only tﬁo
subjects, Damon andg Mellssa, showed evxdence of

d

metécognltlve Skllls. The monltorlng strategles of

"these two usually preceded a changé in the l s

rgpresentation of the problem.‘ Although the modified

rep esentatlon was not always.a Eorrect representatlon,

-

it often led to one. _ : '. )

T . .’
For example,‘Mellssa frequentl' reflected apout

her thlnklng.; After carefully explaining to the other

members of the groip how she ﬂ%& arrived at a solutuon

‘-she sa1d, So, we st111 have four feet, and we have to

& .
flgure out what-we did wrong. " Aﬁter worklng a few .

more“mlnutes she rpaches the correct splutlon and

states, ”that solves the problem because_ that fxlrs the
-/

she reaches an answer of 98 feet with one comblnetlon

"of boards but states, "But that ‘doesn’t solve our

'problem. And she hadn’t! But with the help of ' .

$

another _group member they modlfled gkezr represeﬁtatxon
and moved eloser to a reasonable solution.

The second subject to monitor hls thinking was
p‘;:n in Group 1. oOn reachlng an 1mpasse in the
solution process ‘Damon would frequently utter, "well,

we have got to look this over a little b1t more." "I

Yoy

& '*WIS

e
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. ’ . ‘ . 4 :
was thinking we should ._. " "I was thinking‘if you

A R LY

‘. ,." Damon, however, was not as successful as Melissa

in overall problem s0lvi ng success He lacked basic '

>

computatlonql skills and mathematicl},understandzngs.

- Belief Systems. The beliefs or. to use:

.SChoenfeld s (1983) expresszon, the make sense C L

eplstemglogy the swbject imposed on the problem

situétfen.frequen;ly altered'fhe representation they

formed Let’s return to the dlfferent-pr%plem-on~

eVery~sheet of paper 51tuat10n. Whlle tiYs certainxy

L

could be attrlbuted to lack of experlence, it also

could have developed from the overgenerallzatlon of a -

narrow range of classroom experlencea -and the b8118f

that new 1nformat10n occurs on new sheets of paper.

'*"

-Also, recall Patrick's 1mposxng the idea that John

~

wouldn t want to buy all of one klnd of board.

AUnderlylng the assumption could certa1n1y be the belief

that in mathematlcal word problems yYou must use all thé

numbers.

The Grodp as a ‘Facilitator

| After identifying some of .the faetoré.thit
hindered.succeesfpl prdb}em selving for the inéividual
(lack of experience,_impqeing'hnreqﬁired reetrictions,
lack of ﬁonitoring stratdgiee, and bellef systems) the .

context of the group was analyzed.' rt was found that |

group 1nteract10n prov1ded a useful framewcrk W1th1n

T 17 o
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. whxch 1nd1\1gqals were able to form a- clearer

"

» representatxon of the problem.‘" o : ,
- Collective éxgerience. The firet fdctor of the.
group wes that the.colieetive often s plied the -
. ;backgrouna information thatklnd1v1dual students did -not | j
\ . E poesess. For the subjects who did not understand what N

baseboard was, it was 1rre1evant to proceed with the
._3/’prob1em and perform Calculatlons that had no meanlng.
'However, when membeIS'of the group had experlence to
;share, the 1nd1v1§pais in the group .were able td ‘create
a‘more'usefyl representation, as‘;u the cese of Darby'
saying “baseboards.go around.the rooﬁ not in the
room," in response to hfe,group tryiqg to calculare the
area to ascertain the dmouﬁr of baseboard that was _'
’ needed in Part 2.. The members of the group helped each :
‘other in bulldxng connectlons between elements of the"
. problem’ and prior knowledge. s P o L

\ . , b
Group Mopitoring . A second important factor of 1

) the group wes'that the challenge and disqefief»of peers
" acted as a form of monitoring when sqlf-monitoring was
not apparent. Subijects éeldom'questioned their-oﬁn
strategies, :but frequently chellenged each other. Such
an.ehcounrer forced students to examine.theirowh
strategies and beliefs more closely. Fox- example,
" ' within a few seconds after reading the problem Leigh

arrived at an answer of 588 for the area of the room in

Part 1. Both CHristy and Darby challenged her approach

. . ' -

. N 4
[ 4 . - {




)

&

s T . ,

asking “"Wpy?" .Leigh.ignored'their comments so thoy
continued to calculate the perimeter. Nearry'two
mlnutes later Le1gh ralsed her head and said "I got 98 -
for the perlmeter 1f I add. . One qan only surmise that

she had szlently rethought her approach for solv;ng the

-problem. Darby and Christy had challenged her and she

Jd

was forced to rethlnk her represeﬂtatlon of the
problem. Left a{oﬁ% she might have beeq satisfled with

her thinking and foliowed a useless solutlon path..

Format of Group Eplsodes .- The. th;rd factoriof

the group, which could be V1ewed as helpful in the

-

problem-solv1ng 51tuatlon‘ was that the form the group
sessxons took was quite different from’ trqpltlonal' -
clqssroom episodes. Flrst,,members seldom agreed upon

¥

"an answer 1mmedlate1y.: Similar to Noddlngs (1984)

students, when a correct .answer was proposed and no .

~ K}
-

alternat1ve answers were_suggested students took g

severai'minutes.to discuss it. It provided the

" students the tlme to think that is so often neglected

in the actual classroom setting. When groups.moved too

fast for an individual member, calis to "wait” would"

A - .

. occur or, as in the case of Leigh, the iAdividua] would

reflect internally-and return to the group-discussion
when they were comfortable wzth‘the previous | -,\»

’P S '.k X # '.‘ ..
.._6$'. . - . ‘ R . .
1nformatlon. o _ . L

R »
~ .

Second, in contrast to the question, responsen
prazse format commonly emploJLd in the. classroom. the
eng§§wu in much more extended evaluation

episodes. To agree on an answer after it had been

S 19 | o
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. factors th mpede creation of an accurate
répqeseng;:::: is needed. The‘ﬁhfluence.of

r

suggested would often take séveral mgnutes even i+f no

. challenge were being offered. They seemed to need time

-~

to think about what was, béing suggested. . v
a ‘ .

Hypotheses

‘e

Experlence within and out51de of the classroom
affects not only probLem—SOIV1ng ablllty but .the bellef

systems™that 1nf1uence problem~solv)ng stratgles. A.

in

‘student ‘s enV1ronment fosters beliefs. that influence

¢

some of the’ deC151one that are made in a - -

problem—solving situation. A student Who enters 5

.problem—solv;ng se551on W1thout knowledge of baseboards‘

may not have tbe COgnltlve structures necessary to

create an accurate representatlon of the problem. Tng

student who belgpves ‘that all the numbers must be used‘
in a word pﬁoblem may employ dlfferent strategles than

one who does not., ks

The small group may'Be ueefui in two aspects of

-

problem—soiviﬂﬁ research. First, it provides a way to
- . -

externalize internal dialogue and second, it may serve
‘ ' 4

¢

as a usefu}hpedagogical format. ‘ «
Two directions’ for future researsh are suggested

by the results. First, a study u51ng the small group

;g'a pedagoglcal app;oach for 1mprOV1ng problem-solv1ﬁ§.

4 P

ab111ty seems warranted. Second, a closer look at the .

- ' .

¢ o
metacognitive skills and belief systems are both

factors that need_investiéation.

- 20
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